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MINING ORE IN OPEN-STOPES CENTRAL AND EASTERN UNITED STATES ! 
By Chas. F. Jackson? 
INTRODUCTION 


This paper is published as a progress report for the first half of 1929 on tre study 
of mining methods and costs in the Eastern and Central States. Data obtained from 20 mines 
using open-stope methods are correlated and summarized. Somes of these mines have been de- 
scribed in considerable detail in reports already published as Information Circulars. In 
addition to the published reports on individual mines, considerable data have been obtained 
from other mines which were visited and studied during the course of the investigation. 
Many of these mines will later be described in detail in separate papers, and when the field 
has been covered in this manner it is planned to issue a bulletin on open-stope methods of 
mining which will amplify the subject matter of the present paper. 


Definition of "Open-Stope".— The term "“open-stopes" as employed by the Bureau of 
Mines is applied to all naturally supported stopes; that is, stopes in which the excavated 
ore is not replaced by support of an artificial nature other than props or stulls and in 
which the ore or (and) capping are not caved during the active life of the stopes. 


Such stopes may have no other support than that afforded by the margin walls and 
the arch of rock over the back, or pillars left within the store as additional support to 
the back. Thus we have: 


(1) Simple open-stopes without pillars (usually confined to thin ore bodies having 
strong walls (figs. 1 and 9). 


(2) Open-stopes with pillar support (figs. 2-3-4). 


In open-stopes with pillar support, the pillars may be of the casual or irresular 
type (fig. 2) or may be spaced at regular intervals between the stopes (figs. 3 and 4}, 
The former are often roughly circular in plan but may be very irregular in shave. The 
latter are usually rectangular and with the stopes constitute a scmewhat regular veometrical 
pattern. 


Some shrinkage stopes are in reality open-stopes, as when the broken ore is left 
merely to provide a working floor close to the back upon which the miners stand in attackine 
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1 = The Bureau of Mines will welcome reprinting of this paper. provided tne follcwing footnote acknowledoment is usad: 
"Reprinted from U. S. Bureau of Mines Information Circular 6193. 
2 — Mining engineer, U. S Bureau of Mines. 
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the solid ore overhead. In other cases, however, the broken ore serves to some extent as a 
Support to the hanging wall; in the -Fureau classification of mining methods, shrinkaze 
stopes are placed with "filled stopes" or "stopes artificially supported." 


Production -— Incomplete statistics, which, hovever, include the production figures 
of most of the larger mines in the Eastern and Central States, show an annual production of 
ore in excess of thirty-one million tons from open-stopes as defined above, indicating the 
importance of such methods. 


LIMITATIONS AND VARIATIONS OF METHOD 


vroadly speaking, the open-stope method is confined to the mining of strong to 
moderately strong ore bounded by strong to moderately strong walls. Considerable latitude 
is allowable in this respect, however, depending upon the size, shape, and dip of ore body; 
depth of cover; nature and position of the slips and joints in ore and walls; and aopon the 
grade and uniformity of mineralization of the deposit. 


Thin, Tabular Deposits.- A thin, tabular body of weak ore lying between firm walls 
may be mined successfully by underhand stoping beneath an arched or stull-supported back 
or by sublevel stoping (fig. 9), while if the walls were only moderately strong this method 
could still be employed by using stull timbers from wall to wall spaced at intervals through- 
out the stope. Still weaker walls would require that the cut and fill method be employed. 
With very weak and friable ore, relatively low in grade and having weak walls, it would 
probably be preferable to use the caving method; if the ore were high grade, top-slicing 
or square setting might be employed. As the border line is approached between conditions 
permitting the use of open-stope methods and those requiring other methods, the selection 
of the proper system of mining becomes more difficult and requires careful consideration of 
all the factors involved. 

4 

some thin, flat ore bodies with moderately strong roof are mined in open-stopes by 
methods similar to those employed in coal mines (fig. 4). At Birmingham, Ala., beds of soft 
iron ore dipping at a flat angle, up to 20 feet thick and averaging 8 to 10 feet in workable 
thickness, lie beneath a roof composed of slate and sandstone beds. The existence of water— 
saturated strata at some distance above the ore beds makes it imperative to support the 
roof. This is accomplished by employing a room-—and-pillar system in which about 30 per cent 
of the ore is left in pillars and which is very similar to that used in bituminous coal 
mines. In some of these iron-ore mines the rooms are driven 50 feet wide on 75-foot centers 
and about 150 feet long. In another mine, rooms are 100 to 175 feet wide with three room 
necks connecting the room to the entry. In the latter case small casual pillars, locally 
termed "captain's pillars" are left as required between the rcgular room pillars to support 
the back. Props are also used as temporary local support to bad patches of roof. 


Where conditions do net require permanent support of the roof it is suggested that 
a longwall system of mining might be employed in which the roof would be temporarily sup- 
ported hy prors close to the working face and as mining progressed would be caved by removing 
or blasting the props. The writer has no record of the employment of such a method in ore 
mines of the Fastern and Central States, however. 
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Where open-stopes with casual or irregular pillars are employed it is sometimes 
possible to confine pillars to low-grade or barren rock. In this case their ultimate re- 
covery is of small importance. In other cases where pillars are in good ore, their recovery 
becomes a matter of considerable moment. 


Recovery of Pillars.— With a regular stope and pillar arrangement it is impossible 
to confine the pillars to low-grade or barren rock, and if the ore is high grade, it may 
preclude the use of this method entirely or make it necessary to fill the stopes and then 


mine the pillars by some other method. 


With irregular pillar arrangement, 10 to 25 per cent of the volume of the ore body, 
and sometimes as much as 40 per cent, is left in pillars.* In many cases most of this ore 
can ultimately be recovered by robbing operations, starting at the margins of the ore body 
or boundary of the property and retreating therefrom. 


In regular room and pillar work, the pillars may constitute 35 to 40 per cent or 
more of the entire volume of the ore body.* Under such conditions it is obviously necessary 
eventually to adopt some method for the recovery of pillar ore if the value of the ore 
warrants the expense of recovery. 


1 Stoping.— Some moderately wide or wide bodies of moderately strong to 
strong ore having moderately strong to strong walls and dipping at steep angles are success— 
fully mined by sublevel stoping, a variation of the open-stove method (figs. 5,6,7,8, and 
9). Where the ore body is long and not too wide for spans to be self-sunporting over the 
entire width, it is stoped out full width, and the sublevel stoning races ara advanced ina 
direction parallel with the long dimension of the ore body (fig. 5B). Wider ore bodies are 
also worked by sublevel stoping, but the ore body is divided into several transverse sub- 
level stopes separated by intervening pillars® (fig. 5A). At the Porcupine Paymaster® mine 
in Ontario, where the ore body was about 110 feet in width, transverse sublevel stopes were 
mined 60 to 100 feet long with intervening 30-foot pillars. The dip was about 60°, and 
stopes were up to 200 feet high. Experience with the first stores indicated that they coulda 
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3 - Cummings, A. M., Method and Cost of Mining Magnetite in the Mineville District. New York. Information Circular 
6092, Bureau of Mines, 1223, p. 7. 
Netzeoand, Wo. F., Method and Cost of Mining Zinc and Lead at No. 1 Mine. Tri-State Zinc and Lead District, 
Picher, Cklahora. Information Circular 6113, Bureau of Mines. 1929, p. 9. 
Bank3, L. M., Mining Methods and Costs in the Waco District. Information Circular 61506, Bureau of Mines, 1929. 
p. 6. ° 
Poston, Roy H., Mothod and Cost of Mining at No. 8 Mine, St. Louis Smelting and Refining Cozpany, Southeast Miiszs- 
ouri District. Information Circular 6160, 1929, ?3 pp. 
Jackson, C. F., Methed and Cost of Mining Disseminated Lead Ore at a Win2 in the Southeast Missouri District. 
Information Circular €170, Bureau of Mines. — In press. 

4 ~ Eaton, Lucien, Method and Cost of Mining Hard Specular Hematite on the Marauette Ranges, Nichi. an Infermation 
Circular 6138, Buresu of Mires, 1929, p. ll. 

5 -— McNaughton, C. H., Mining Methods of the Tennessee Copper Company. Ducktown, Tennessee. Acorn Nn “Carcilar 


6149, Bureau of Mines, 1929, 17 pp. 


6 —- Hubbell, a. H., Low-Crade Ore in Ontario Eng. and Min Jeur., Nev 10, 1922, p. 743; Nov. IF. 1955. n. "SE 
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safely be carried 100 feet in length, and some of the earlier pillars were later extracted, 
leaving open-stoves 120 feet by 110 feet by 175 feet high. 


A set of conditions suitable for sublevel stoping methods may, in a given case, 
approach those requiring a different method of mining such as shrinkage, cut-and-fill, or, 
with much weaker or more friable ore and wall rocks, sublevel caving or even top-slicing. 
Only careful consideration of all the factors will determine the best method to use. 


In suvlevel stoping, the faces on each sSublevel are usually carried in advance of 
those on the sublevel next above (figs. 5 and 6). Where the ore itself is very firm and 
Strong and free from prominent slips and joints, each bench of ore may overhang the sub 
below by as much as 40 feet (fig. 5); the overhanging ore is then benched dovn from the top 
in several steps or stages. More often the stope is carried as in Figure 6. In weaker ore, 
each sublevel overhangs the one below by only a few feet or the stope face is kept vertical 
(fig. 7). In still weaker ore the slope is slightly reversed (figs. 8 and 9). The vertical 
interval between sublevels is commonly 20 to 40 feet. 


Where the sublevel method is used the men drilling the side cuts and benches are 
always working under the protection of solid ore; any rock dislodged from the levels above 
falls out in the stope well away from the miners below. Where there are large inclusions of 
barren material in the ore body it is possible to leave such material as pillars in sublevel 
stoping. ’ Smaller inclusions of waste can be kept separate from the ore by drawing the 
stope empty, blasting down the waste, drawing this out, and then resuming breaking of the 


ore. 


It is suggested that the sublevel method might be employed advantageously in some 
mines now using shrinkage stoping and particularly in sulphide ores which it is advisable 
to remove from the stopes as soon as broken. The physical conditions to which sublevel 
Stoning are applicable are practically the same as those for shrinkage stoping, and can be 
employed in ground too soft for shrinkage stoping. A sublevel stope is in effect a shrink- 
age stope turned on end, in which the ore can be drawn off as fast as broken. Sublevel 
stopes can be employed in wider ore bodies and under a wider range of conditions than 
Shrinkage stopes. The dip of the ore body must usually be 50 to 55° or steeper, though at 
one mine visited the method was being successfully employed on a 45° dip. 


At one mine where shrinkage stoping was abandoned and sublevel stoping was resorted 
to the following advantages were claimed: ® 


1. Sublevel stoping is safer due to the fact that the men are not out under a wide 
bac«x but are always under solid ground which can be and is tested daily. 


2. The total breaking cost is less in sublevel stoping than in shrinkage stoping, 
largely due to the fact that the ore is broken finer from the solid with less secondary 
breaking in the sublevel stopes. In the shrinkage stopes large slats would come down which 
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7 - McNaughton, C. H., Work cited, p. 12. 
8 -— McNaughton, C. H., Work cited, p. 12. 
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had to be drilled and blasted, and often fell in such a position in the stope that it was 
dangerous to go out under the stope to break them up. 


3. The drawing of the ore from Sublevel stopss can 2 concentrated at fewer pull- 
hole points than from shrinkage stopes to secure the Simo rate of output, thus securing in- 
creased pulling and haulage efficiency. 


4. In sublevel stopes a greater verceniage of the ore is recovered. In the shrink— 
age stopes considerable ore was often left on thc fcotwall due to minor folding. This ore 
can only be recovered by open-stoping in which the footwall is exposed throughout the onera- 
tion. 


5. In the sublevel stopes very lean or barren portions of the ore body are left as 
pillars. This was usually very difficult to do in shrinkage stopes. 


6. More development and stove preparation are reuuirsd for sublevel stoping than 
for shrinkage stoping. The difference, however, is not as great as might first appear, be- 
cause shrinkage stopes required closer spacing of pull holes in order to draw the shrink 
down evenly. Furthermore, with shrinkage stones it was found advisable to carry footwall 
or pillar raises in addition to cribvoed manways through the broken ore. 


Cther points not included in the foregoing are as follows: 
1. The retention of broken ore in Shrinkage stones interferes in Some cases with 
the flotation officiency, due to surface oxidation of sulphide varticles. In sublevel 


stoping the ore is, or may be, drawn off immediately after it is broken. 


2. This ability to draw the broken ore at once results also in a Saving due to the 
fact that money is not tied up for a long psriod in broken ore standing in stopes. 


3. Where only one grade of ore is mined it is possible to obtain a high rate of 
output from a few sublevel stopes since mining can procetd simultaneously on a number of 
sublevels in each stope with the advantages attendant upon concentrated operations. 

APPLICATIONS OF OPEN-STOPE METHODS OF MINING 

Open—-siopes, with and without pillars, ara employed under a wide range of conditions. 
They are used in thin beds and veins lying at inclinations varying from the horizontal to 
the vertical and in deposits of 150 feet or more in thickness, toth flat and standing at 


stecp angles. Open-stopes are probably used more exiensively and under a wider range of 
conditions than is generally realized. 


Mining operations in the Central and Eastern States offer many examples of this 
method of mining and of its variations. 


The copper and iron mines of Michigan, the zinc and copper mines of Tennessee, the 
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macnetite mines of New York State, the Tri-State zinc and lead mines, the lead mines of 
Southeastern Missouri, and the iron mines of Alabama, all afford examples of this method 


of mining. 


Michigan Coprer_District.- In the Michigan copper district three types of open-stopes 
are employed — namely, large, Square, open-stopes with stull support; large open-stopes with 
large pillars; long, narrow stopes with long narrow rib pillars. ? Here the workable lodes 
commonly vary in thickness from 4$ to 18 feet, though locally they are as much as 50 feet 
thick.  (CQpen-stopes are employed on the flatter dips of 30 to 40°, but where the dip is 
steep, cut-and-fill or shrinkage stoping are resorted to. 


Michigan Iron Mines.— In the iron-ore mines of Michigan, oven-stopes with pillar 
support are employed in hard ore!® and sublevel stopes in somewhat softer ore. In other 
mines of this district top-slicing, sublevel caving, block-caving, and shrinkage stoping 
are employed. The district presents a wide range of conditions and in some cases it is 
difficult to determine which method of mining is most suitable. Factors such as support 
of stcpes and surface, safety, cost of mining, rate of output desired, development required, 
percentage of extraction, and dilution of ore by admixture of low-grade inclusions or wall 
rock must all he taken into consideration. 


At the Carpenter Mine in Michigan, a novel variation of sublevel stoping was enm—- 
ployed in mining an iron-ore deposit overlaid by sand and gravel 175 feet in depth con- 
taining considerable water.!! The ore body was divided into alternate sublevel stopes and 
pillars, and the stopes on each side of a pillar were filled by caving the surface before 
extraction of the pillar was begun. 


In the harder iron ores, sublevel stopes are usually mined with each sublevel lag-= 
ging behind the one next below (fig. 6). It is usual to try to keep the overhang between 
subs 8 feet or less. Benches are carried along the stope face by drilling and blasting 
Slabbing cuts. Down and up holes are drilled from and in these benches, and the ore is 
broken into mills below. Stopes vary in width up to 150 feet, and in length up to 200 feet 
or more. Usually before the larger dimensions are reached the roof will cave. In this 
event it is usual to leave a thin pillar against the cave and resume the stoping behind 
this pillar. The majority of the caves will have been beneficial rather than otherwise, as 
the weight will be taken from the unmined ore and backs of the openings therein. 


In somewhat softer ore the face of the stope is kept vertical -— that is, without 
one Sub appreciably overhanging the other. Figure 7 illustrates one method employed under 
these conditions; no bench was carried and the face was blasted off with holes pointed 
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9 = Cranes, W. R., Mining Methods and Practice in Michigan Copper Mines. Bull 306, Bureau of Mines, 1929. 
10 - Eaton, Lucien, Work cited 
ll -— Wortley, R. B., Novel Method of Sublevel Stoping. Eng. and Min. Jour., vol. 126, No. 22, 1928, p. 867. 
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forward (toward the stove) and drilled from the subdrifts. 


In still softer and weaker ore which will not support »ench¢es at all each sublevel 
is kept ahead of the one below, as chown in Figure 8. Here the sutdrifts are driven very 
small. In mining, the drift is enlarged by slabring cuts just back of the stope face to 
permit the use of tong steel; holes are drilled upward, downward, and laterally from the 
enlarged drift, and are blasted together. In one mine employing this method, the ore is 
soft enough so that all drilling is done with auger steei. Figure 9 shows a sublevel stope 
in a narrow body of soft ore having strong walls. 


Quebec.~ At the Noranda mine in Quebec, some of the ore bodies are veing mined by 
another modification of the open-stope method (fig. 10). The ore body is blocked out into 
40-foot stopes alternating with 30-foot pillars, levels being 125 feet apart vertically. 
Raises are driven from both sides of the drift at an inclination of 38° from the horiczscnial . 
From one of these raises branch raises are driven «et 30-foot intervals on an inclination 
of 38° to the limits of the ore. These are breasted out to the width of the stope, and the 
intervening pillars are benched out as in sublevel stoping. This method may he considered 
to be sublevel stoping in which the subs are inclined instead of horizontal. Blasting 
chambers formed by short incline raises meeting atove the haulage drift and connected at 
the intersection by a drift directly over the level are provided for blasting large chunks 
or ore. 


Alarama.— In the Birmingham district bedded denosits of red iron ore are mined by 
a room—and-pillar system similar to that used in bituminous coal mines (fig. 4). The beds 
dip at angles less than that of the angle of repose for the broken ore and average 8 to 10 
feet in thickness. The overlying strata must be supported by pillars to prevent the en 
trance of large volumes of water. In some of these mines scraper loading has been developed 
to a very high degree of efficiency. The mining practice in this district is descrited by 
W. R. Crane in U. S. Bureau of Mines Bulletin 239. 
Tennessee.— At Mascot, Tenn.,}? large open-stopes with irregular pillars are em- 
ployed for mining large bodies of low-grade zinc ore. These ore bodies occupy fractured 
zones in dolomite in which the fractures have been healed or recemented by zinc sulphide 
and calcite, tending to form a very strong, firm structure. The ore bodies are of variable 
thickness ranging from a few feet to 150 feet. Very abrupt changes in thickness from 20 
feet to over 100 feet are common. The average dip of the ore and enclosing formations is 
about 18°. 


Pillars are roughly circular and extend from the bottom to the top of the ore hori- 
zon. Sometimes it is possible to locate the pillars in the leaner ore, but often this can 
not be done. The roof stands well between the pill*rs, and since mining starts at the top, 
opportunity is afforded to dress down the back thoroughly before underhand stoping opera- 
tions place the back beyond reach of inspection and care. 


Lo 
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12 ~ Coy, H. A. and Noble, James A., Mining Methods at Mascot Mines, Tennessee. Trans. Am. Inst. Min. and Met. Eng., 
vol. 72, 1925, pp. 54-76. 


6551 ns ee 


Google 


Inf.Cir.No.6193. 


Some mines in the Ducktown district in Tennessee employ sublevel stopes in large 
bodies of low-grade cupriferous pyrites. At one mine!* the ore body attains a maximum 
thickness or width of 180 feet; the average dip is 65° but varies from 70 covwn to Sh°%. 


In the narrower sections of the ore body, averaging 40 feet in width, longitudinal 
subleve! stopes are taken out from wall to wall (fig. 5B). In the wider section transverse 
stopes are carried 40 feet in width alternating with solid pillars of ore 40 fcet thick 
(fig. SA). The walls are highly metamorphosed sedimentary schists and graywacke with the 
schistosity roughly paralleling the ore body in strike and dip. Ore and walls are generally 
self-supporting over spans up to 100 feet in width except where weakened because of sharp 
folding of the strata. 


At other mines in the Ducktown district a room and pillar system is employed wherein 
Wide bodies of ore 200 feet or more in height are mined by underhand stoping. The ore body 
is blocked out by a checkerboard system, or rooms approximately 70 feet square with inter- 
vening 30-foot pillars. These blocks are each developed by a vertical raise from the haulage 
level to the top of the ore or to the next level above, and the ore is stoped out by bench- 
ing around the raise, starting at the top. Where the ore extends over more than one level, 
floor pillars are left under the levels. This system is the old Cornish "underhanding" 
system of mining. 


Anvox. British Columbia.—= At the Hidden Creek mine, Anyox, British Columbia, a 
modification of open-stoving is emploved in which spiral benches are cut around a central 
well or open-stope from which the ore is blasted in a manner similar to that employed in 


sublevel stopes. }4 


New York State.— At the magnetite mines in New York State!® Open-stoves supported 
by irregular pillars cf ore are employed for mining a bedded deposit averaging 10 feet of 
workable ore, the thickness varying, however, from 3 to 40 feet. The ore beds are inter- 
stratified with gneissoid rocks and in places the ore grades off into the country rock. 
Twenty-five ver cent of the ore is left in pillars, most of which will ultimately be re- 
covered. 


an ee ee SE SEE 


employed is that of open-stopes with irregular pillar suppor In rare instances timber 
support and even spiling are required. In the narrower ore bodies or runs, it is often 
possible to mine the full width of the ore with headings or breasts driven at the top, 
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13 -— McNaughton, C. H., Work cited. 
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14 ~ Lindsay, W. R , and Healy, R. L., Mining Methods at Hidden Creek Mine, Anyox, British Colunbia Canadian Min. 
Jour., Apr. 26, 1929, pp 382-385. 

15 ~ Cummings, A. M., Work cited. 

16 = Natzeband, Wa. F., Information Circular 6113 and €121, cited 
Banks, L. M., Work cited. 


Keener, ©. W., Work cited. 
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following by underhand stoping of the bench (fig. 1). In this case the reof is self-sup- 
porting between walls, espocially if it is well arched. The ore is flat-lying. though there 
are loca] dips and runs in the floor of the main ore bodies. These are mined from sloves 
or winzes. The ore ranges in thickness from a few feet to 100 feet or more. The size and 
spacing of pillars depends upon the height of ore as well as upon the local roof conditions. 


In the wider ore bodies 12 to 25 per sent of the total ore is left in pillars, much 
of which can often be recovered during the final stages of mining. The amount of pillar 
ore that can be recovered will depend largely upon the nature of the immediate capping. 


Southeast Missouri.- In the Southeastern Missouri lead district open-—stopes with 
irregular pillar support is the usual mining method.!? Here galena occurs disseminated 
through dolomite and shaly beds in horizontal sheets along bedding planes, in vugs and 
cavities, filling and lining the walls of joints, and as aggregates of cubes in open chan- 
nels. These occurrences are found at several horizons principally in the Bonne Terre dolo- 
mitic limestone which has a normal thickness of about 375 feet. Sometimes these horizons 
are connected by bodies of ore cutting across the bedding, and stopes attain heights up to 
200 feet and are supported by marginal walls and by pillars. 


The ore and roof usually stand well, since it is very strong and uniform. An unique 
feature of the practice in this district is the method of inspecting and dressing the 
roof.'® Timber scaffoldine is supported upon iron hangers inserted in holes drilled in the 
roof. Access to the scaffolding is secured from a point on the side of the stope. Working 
from the scaffold, the back is carefully tested and barred down, holes are drilled ahead 
of the suspended scaffold in which hanging rods are inserted, and the scaffold is then 
advanced another length of "set," after which the operation is repeated. 


DEVELOPHENT 


It has been shown that open-stopes are employed in mining ore bodies of various 
types, sizes, and dips revresenting a wide rarge of conditions. The development incident 
to preparing these ore bodies for mining naturally varies accordingly. 


Tri-State Distric’.- The simplest type of development is represented in the shallow 
mines of the Tri-State zinc and lead district, where a shaft is sunk to the bottom of a 
body of ore previously proved up by churn drilling. Wide headings are driven from the shaft, 
sometimes in severa!] directions. The ore bodies are flat and the headings are breasted out 
7 to 8 feet high against the back of the ore, and as they are advanced they are closely 
followed up by stoping of the bench to the bottom of the ore. These headings are carried 
the full width of the ore in narrow ore bodies or a width corresponding to the distance 
hetween pillars in wider ore bodies. The development is thus in reality a part of the 
stoping operation. However, corresponding to the level development in other metal mines, 


17 = Poston, Roy E., Work cited. 
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pull drift: ‘fig. 2) are frequently driven through barren rock from a shaft to an ore body 
or from one ore body to enother. While ore is mined at more than one horizon in some mines 
of the Tri-Stats district, most of these mines may be considered as being one—level mines. 
Raises an?’ winzes are therefore seldom necessary, though the former are sometimes driveu 
to reach ¢ bodv of ore above the main ore horizon and the latter to mine local runs, chan- 
nels, or basins of ore below the main levei. For the latter purpose flat slopes are fre-—- 
quently driven in ore also. 


Further details of development in this district may be found in the following 
Znformation Circulars issued by the U S. Bureau of Mines: 


Infermation Circular 6113, by Wm. F. Netzeband; 
Information Circular 6!21, by Wm. F. Netzeband; 
Information Circuiar 6150, by L. M. Banks; 
Information Circular 6159, by Q. W. Keener. 


Shafts are usually about 5 by 7 feet in cross section, and except for being cribbed 
through shale and badly broken ground are for the most part untimbered (fig. 11). These 
shafts are usually sunk on contract, the contract price ranging from $9 to $12 per foot in 
shale and €13 to $15 in rock.?* The contractor usually furnishes only the labor and explo- 
sives, however; the mining company furnishes ail equipment, materials, supplies, and power. 
Thus a shaft contracted at $23 per foot for sinking labor would cost the sompany about $20 
yer foot.7° At some mines larger shafts are sunk and equipped for hoisting in cages cr 
skips. ¢} 

Pull irifts are usually 3 by 3 feet and untimbered. Often they ere driven on con- 
tract at pri.ves raaging from $6 to $8 per foot for labor and explosives only, the total cost 
being 210 to $14 per foot including all labor explosives, power, insurance, compressed air, 


pipes, track steel, etc. *? 


Soutt cast “icsouri.—- In the Southeest Missouri lead district the ore bodies are 
usually lazsger *han in the Tri-State, the production rate from single mines is much higher, 
and usually the mines are considerably deeper. The ore bodies are flat-lying as in the 
Tri-State district and range in thickness from 3 few feet +o 200 feet or more. Here larger 


shafts are svurk aij are eouipped with self-dumping skivos for hoisting ore in balance and 


19 = Netzeband. Wm. F. Information Circular 6113. cited. p. 4; Information Cirsular 6121 cited. 
Banks. L. M. Work cited. 
20 -— Netzeband. Wm. F. Information Circular 6121. cited. pp. 3-4. 
21 — Netzeband. Wm. F. Information Circular 6113. cited. 
Keener. 0. W., Work cited. 
22 —- Netzeband. Wm. F. Information Circular 6113 cited pp. 4-5; Information Circular 6121 cited. p. 5. 
Banks. L. M. Work cited p. 9. 
Keener. 0. W. Work cited 
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Section of shaft in Tri-State district 
Showing method of support in heavy ground. 
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ny . 4 bon] Q 2 
with cages for handling men and supplies. ” from theses shefts drifts are driven to the ore 


bodies where they are cpened cut to the width betwsen pillars to form stopes whish are 
breasted out at the top of the ore and benched down in a mannor similar in many respects to 
that employed in tho Tri-State district. Development drifts are usuelly 7 by 8 feet in 
cross section’ to 12 by 8 feet for larger haulage drifts.75 At one mine 964 feet of drifts, 
7 by & feet in cross section, were driven at an average cost of $7.87 per foot?® in 1928. 

In this district the ore often occurs at several horizons making it necessary to 
drive occasional raises, slopes, and winzes. 7? 


In mines of the type ,epresented in tha Tri-State and Southeastern Missouri dis- 
tricts, development work is largely confined to that required to reach the cre. Once the 
oro body is cut, stoping is begun almost immediately. 


Large Deposits on Low Dips.— In large deposits on low dips some development must he 
done in ore prior to mining in order to kh'tock out the ore pody and prepare it for actual 
stoping operations. This may consist merely of driving the various haulage lev3ls in ore 
and opening room—necks therefrom as at Birmingham, Ala. (fig. 4), or may involve in addition 
the putting up of raises as at Mascot, Tenn., and at the iron~ore mines in Michican7?® and 
at Mineville, N.¥., where auxiliary shafts or slopes must also be driven. 


At Mineville, N.Y.,7* main haulage levels are driven in or on the foctwall from the 
main inclined shaft at intervais of 1,000 to 1,500 feet, measured on the dip which averages 
20 to 30°. From these levels crosscuts and raises are driven to the ore body in each 
faulted area and at intervals in unfaulted areas. The raises are driven to permit the in- 
stallation of small ore pockets and the cresscuts to give easy access to the auxiliary 
shaft. One or more auxiliary shafts are driven in each faulted area both up and down the 
dip, starting at the top of ore pockets on the main haulage level. 


At the iron-ore mines in Michigan vertical shafts are sunk to reach the ore hori- 
zons, and crosscuts are driven to cut the ore at the desired level intervals. These shafts 
are equipped with seif-dumping skips and wiih cages for handling mon, timber, and supplies. 
Level intervals are from 50 to 150 feet or more. The present tendency is to space main 
levels at greater intervals than formeriyv and to transfer ore *througn raises to the heulage 
levels from intermediate levels nut connected with the shaft. 


A*+ ons such mine where the ore is up tc 40 feet thick and dips at an anzle of 30 to 
55° the ore is mined by a combination of open-stcpes separated by regular pillars and 
shrinkage stoping. Crosssuts are driven to the ore body from vertical shafts at intervals 
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of 100 feet vertically, or about 120 feet measured on the dip. When the ore body is en- 
countered, drifts are driven on or near the footwall, and from these drifts short mining 
raises are put up to the hanging wall cn the center lines of the stopes to be mined later. 
From the footwall side of these short raises, inclined raises are then driver in ore and 
closely following the footwall through to the level above. ccoasional raises area aiso run 
between levels within the pillar boundaries to serve as manways. This work is all pre.tin- 
inary to actual stoping oposrations. 


At other iron mines®° the ore body is blocked out by drifting and raising prior to 
stoping. 


At. Mascot, Tenn., levels are driven from the vertical shaft or from slopes tributary 
to the bottom level of the shaft just below or near the bovtom of a thick ore body which 
dips at an average angle of 18°, Short inclined chutes are put up from the side of the 
level, and from thes9 chutes vertical raises are put up to the hanging wall. Meanwhit 
small drifts or flat raises are driven through a pillar from the next level to serve as 
traveling roads. This work is all preliminary to actuel stoning, 


Tn the mines of the north range of the Michigan copper district where the present 
operations are at great depths, the worxing horizons are reached by vertical and inclined 
shafts. Crosscuts are driven at, the various levels to cut the lodes, these levels being 
usually spaced about 100 feet apart. At present the common practice is to drift in or on 
the footwall parallel with the lode to the limits of the mining area and to begin mining 
at the ends and retreat toward the shaft. Raises are driven at intervals to connect the 


levels, 


open-stope methods occur at Ducktown, Tenn., in the south range of the Michigan copper dis- 
trict, and in the iron districts of Michigan. They are usually reached by sinking vertical 
shafts, sometimes by inclined shafts. Cresscuts are ther driven into the ore body at ver- 
tical intervals of 100 +o 200 feet and from these crosscuts longitudinal drifts are run in 
ore, or drifts are driven parallel +o the ore sodies in *he footwall with crosssuts there- 


Large Ore Rodies_on Steep Dirs.~ Large deposits of ore on steep dips worked by 
CG 


from to the ore at regular intervais. 


In these mines considerable stope preparation or development in ore is required to 


prepare for stoping operations. At Ducktown, Tenn.,”? for exanple, the stope develcnmeni 
in sub-level stopes amounts +o 1 linear foot of combined raises and subleve’s to 110 tons 


of recoverable ore developed. 


Development Costs.— At 15 mines using open—-stope methods in the Eastern and Central 
States which have been studied recently, development costs constituted on the average about 
14 per cent of the total underground costs. 
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At mines in the Tri-State district current development is usually not carried as a 
separate item from stoping on the cost sheets, but it probably constitutes not more than 5 
per cent of the total mining cost. At Mineville. N.Y., °? development represents 8.2 per 
cent of the total underground cost; in Southeastern Missouri it ranges from 5.1 to 18.7 per 
cent. At Ducktown, Tenn., the range is from 12 to 20 per cent. At the Burra Burra mine?" 
in this district it was 20.2 per cent in 1925, but during that year the development was 
prosecuted much faster than was required to keep up with the rate of ore extraction. The 
normal cost of development at this property is probably around 12 to 15 per cent of the 
total underground cost. In open-stope mines of the Michigan copper district 16 to 25 per 
cent of the total underground cost is for development, and in the Michigan iron mines re- 
ported upon, the development cost was from 15.4 to 22.77 per cent of the total underground 
cost. The foregoing figures cover all development both in rock and in ore. 


Some of the larger deposits having moderate to steep dips may be mined ry any one 
of several different methods, depending upon the various details of physical conditions 
and economic considerations in different instances. Since in any event the preliminary 
main leve! development up to the encountering of the ore body is practically the sane 
whether sublevel stopes, alternate pillar and stope, shrinkago stoping, cut-and-fijJ!l, sli- 
cing, or caving are to be used, it is of interest to determine the amount of stope prepara- 
tion or stope development, as distinguished from total development, required prior to 
stoping in open-stope mines of this type. Practically all of this develonvment is in ore. 
Since most of the mines of this type which have been studied in cornection with the present 
investigation were using sublevel stoping, the following figures in Table 1 refer for the 
most part to mines using this method. 


The figures given in Table 1, considered in the light of inspection and study of 
the mines, indicate quite conclusively that the amount of stcpe development required in any 
given case is a function of the strength of ore and wall rocks, particularly of the former: 
the stronger the ore, the less development per ton of recoverable ore will be required in 
mines using this method of stoping. This is perhaps more or less self-evident, but the 
figures taken from actual operations are interesting. Likewise the development per ton is 
naturally less in wide than in narrow ore bodies, other conditions remaining the same. 
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Table 1.- Methods used to mine various types of ore deposits, showing reiation of stove de- 


— Semel 


ve ales to production. 
| | a te ‘Tons of ore 
| | | lor oduced per 
| Nature of wa.ls | Mining method | lineal foot 

| 


Feet of stone 


! 
| 
Mine INature of ore body | development 
location | | lof stope de- | per ton of 
Penrateny asian See ede aa ed OV OO MO NT 4 ote OE sa 
| Strong ore, cupri- | Sub. evel stop- | | 
Dicktown,|ferous pyrite and | Firm. ling. Stopes av-| 110 | 0.0091 
Tenn, | pyrhotite, hard ore. | |erage 40 feet | | 
sa) Sc a ee 
| | | Open-stope and | | 
| Iron ore. Firm IStrong jasper and Ipillar with | | 
Michizan land strong. Moder-! moderately strong | shrinkage. | 69 | 0.0167 
lately hard. |slate. Stopes 22 feet | | 
Be a iS te ee aes eee oe 
|Iron ore. Firm |Iron formation and|Sub.evel <top- | | 
Michigan | and strong. Moder- ipyritic slates. ling. stopes av—| 45 | 0.0222 
lately hard. [Moderately strong.jerage 50 feet |! | | 
eee ey Spee eee eer Te Pee A RN | eae ae Ve 
[Iron ore. Firm  |Iron formation and|Sublevel stop- | | 
Michigan land strong. Moder- |pyritic slates. ing. Stcpes 25 | 35 | 0.0303 
lately hard. IModerately strong. |to 60 feet wide! | 
eee cnr = ee ee 
|Iron ore. Firm, |Black slate. Mo- |Sublevel. | | 
Michigan | medium hardness. | derately strong. Stopes up to | 55 | 0.0182 
syne | 1109. Seet_wide. A ee ee ee Lee 
| | [Sublevel Stop- | | 
Michigan |Iron ore. Weak and heer formation and: ing. Stopes 50 | 20 | 0.0500 
|fairly soft. | slate. | teat up to 100 | | 
ees | ere Sees | ee eee ~,J|feete: wide. _ eee ee - 
| Gold-bearing py- | |Sublevel stop- | | 
Ontario [rites and quartz in|Greenstone, hard ling. stopes up | 125 | 0.003 
lhard, schisted al- [and strong. |to 110 feet | 
ROE 585) cc) Nhs ae | a ec ee (eee ee ee ane enon eae 
| | Complex of schist-|Open-stopes __ | | 
Quebec Massive sulohides. led rhyolite ande- |benched from | 75 | 0.0133 
| 


_|Strong_ |site and diabase__|inclined raises! 


1 - Figures are for stope preparation only, as distinguisned from ts*al development, and do not include main haulezs 


levels 
DRILLING, RLASTING, AND HANDLING 
Ground of a character which lends itse3lf to opcn--stope mining usually has a tendency 
to break large, particularly if planes of weakness are tight and spaced far apart. Follow- 
ing the breaking of the ore at the face, secondary ‘:reaking is often necessary either in 


the stope, on grizzlies, or in the chutes. On the other hand, the ground is often easy toa 
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drill, as in the zinc mines at Mascot, Tenn., the Southeast Missouri lead mines, and the 
iron mines of the Birmingham district. At Ducktown, Tenn., and at Ishpeming, Mich., the 
ore is harder. : 


In all these mines there is little trouble from "fitchering" and caving of the 
drill holes, as the joints, fractures, and bedding planes are relatively far apart. In the 
brecciated ore of the Tri-State district, however, the holes tend to cave, and this in- 
creases the difficulty in drilling. At Ishpeming, Mich.,. in hard specular hematite the 
drilling speed is retarded primarily by the hardness of the ore. 


In practically all of the open-stope mines studied, regardless of the "drillability" 
of the ground, there is a tendency for the ore to break large, as above noted; therefore 
the problem of breaking always revoives around the proper placing and charging of the holes, 
whereas the actual drilling is a lesser problem, except at Ishpeming and in the Tri-State 
district. 


At the Paymaster Mine in the Porcupine district of Ontario, where sublevel stoping 
was employed, the ore was in a schisted and silicified albite porphyry which was hard to 
dril] and very abrasive — so much so that a drill was never good for more than one run 
(2 feet), and occasionally as many as 15 steels were required to drill 6 feet of hole. 
This ore broke large in the stopes in spite of the schistosity and slip planes, and much 
secondary breaking was required. 


In the Tri-State district where the ore is mined by heading and benches, the drill- 
ing practice varies at different mines. The most common practice is to drill the stopes 
(or benches) with long flat holes, employing two man machines on tripods, even though the 
bedding is nearly horizontal. Vertical holes give more trouble from caving and fitchering, 
as the ground is badly brecciated. Recementing of the breccia fragments, however, serves 
*o hold them together and permits the use of open-stopes. In this ground fast drilling 
machines are not a requisite, since the drilling speed depends more upon the amount of 
caving and fitchering than upon the weight and frequency of the blows struck, though the 
ore is in a hard flint. 


In some mines of this district the stope and "splitter" holes are chambered, using 
one and a half to five boxes of powder concentrated in the chambers and with a heavy burden 
on the holes.*4 It is more common practice, however, not to chamber but to load the holes 
about two-thirds full of the explosive.*° In this method of breaking from the solid the 
breccia tends to break out in the form of large bowlders, and considerable secondary break— 
ing by bulldozing and sledging is required. Further details of the biasting practice in 
this district are given in U. S. Bureau of Mines Information Circular 6056. 
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=‘ —- Netzeband, We. F , Information Circular 6113, cit2d, pp. 7-8; Method and Cost of Mining Zine and Lead at Mine 
No. 2, Tri-State District. Picher, Okla. Information Circular 6121, Bureau of Mines, 1929, p. 7. 

35 - Banks, L.. J., Work oited. 
Keener. 0. W . Metnod and Cost of Mining at Barr Mine Tri-State Zine and l.ead District. Informaticn Circular 
6159, 1529, 10 pp. 
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In Southeast Missouri the ore is a mineralized dolomitic limestone which is almost, 
if not quite, free from silica. This is usually drilled with light hammer drills operated 
aS one-man machines.**° At one mine these drills are equipped with pneumatic feed, °"’ and 
80 to 100 feet are commonly drilied per machine shift. The ore is only slightly fractured, 
the rock joints and slips do not as a rule occur at close intervals, and little trouble is 
given by caving and fitchering. In contrast to the practice in the Tri-State district, 
the stope holes are usually drilled vertically downward. In the middle horizon of the ore 
formation the ground tends to break large, and some secondary breaking is required. 


At Ducktown, Tenn., the ore is quite hard, and somewhat heavier machines are used. 
Medium-weight drifters are employed for drilling the slabbing holes on the sublevels, and 
unmounted hammer drills are used for the benching. Most of the. ore is produced from the 
benching operations in which sll the holes are drilled vertically downward. The machines 
are all operated as cne-man drills. 


The ground breaks in large blocks and considerable "blocking" is required. At 
Ducktown the blocking is done in grizzly chambers located directly over the haulage drift 
without any storage capacity between the: grizzlies and the cars. °8 


At Mascot, Tenn.,°® the ore is pulled from the "mills" through chutes and must be 
broken fine enough in the stope to pass these chutes. Some large slabs of ore are inevi- 
tably mixed with and covered by finer ore and do not make their appearance till they reach 
the chute. This necessitates considerable blasting in the chutes. At this mine the stope 
contractor also loads the cars, so that secondary breaking in the chutes is kept at a 


mininun. 


At some iron mines using sublevel stoping the ground can easily be drilled with 
jackhanmers employing auger steel. 


Based upon data obtained from 19 mines (Table 3) and covering operations during the 
past two years, breaking (drilling and blasting) in open-stopes requires an average of 0.253 
man-hours per ton of ore, (31.6 tons per sight—hour shift), with a minimum labor cost of 
breaking at the mines studied of 0.122 man hours per ton (65.5 tons per eight-hour shift) 
and a maximum of 0.556 man hours per ton (14.4 tons per eight—hour shift). ~The labor 
employed in breaking at 15 of these mines averaged 28.6 per cent of the total labor employed 
in the mining operations. At the various mines studied this percentage varies from 23.8 
to 33.9 per cent except for one mine which had a low percentage of 13.8. At six iron mines 
using sublevel stoping the average man hours per ton expended in breaking ore in stopes 
was 0.154 (52 tons per eight-hour shift). 


Powder consumption at 17 open-stope mines studied ranged from 0.421 pounds of 40 
per cent gelatin per ton of ore to 1.265 pounds of 33 per cent ammonia gelatin per ton of 
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36 = Poston, Poy H , Werk cited 
37 = Jackson, C. F , Work oited 
33 - McNaughton, C EF , Work cited 


39 - Cray, H a, and Noble, James A , Work cited 
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ore, the average boing 0.785 pounds of explosive per ton of ore mined. Powder cons.umotion 
for stoping only at nine mines averages 0.5]2 pounds per ton of ore. 


Steel consumption as given by several mines was very variable, ransxing from a loy 
of 0.008 pound per ton of ore produced to .200 pounds per ton, the average reing 0.109 
pounds per ten. 


Breaking, an important problem in any mine, takes on an added importance in op3n- 
stope mines. This may be due in part to the fact that some operations and protlers invclved 
in other methods of mining are absent or of very minor importance in onen-s*‘ope mines. 


Drilling and blasting operations constitute cne of the major provlems in open-stope 
mines, and considerable study and experimentaticn are warranted for the purpose of obtaining 
the most economical results. The type and size of drills best suited to the local condi- 
tions; kind, shape, and size of steel; type and gauge changes of bits; steel tempering and 
treatment; type of drill round; depth, spacing, and burden of drill holes; kind, grade, and 
most suitable density of explosive; methods of loading and firing: and economical pro- 
portioning of primary and secondary breaking are ail matters requiring careful study. 


The breaking and the handling of broken ore are intimately related, and the one can 
not be properly considered except in its relation to the other. The ore must be broken to 
suit the method of loading whether it be Ly hand, by power shovel, or hy scrapers; it musi 
in many cases be broken to pass through loading shutes at the bottom of the stopes and must 
be of size which can be readiiy loaded into and handled by the mine cars and skips. The 
most economical anid efficient operation will te secured where there is a proper balance 
between the breaking, hand]ing, and transportation operations. 


The combinations of conditions affecting the problem vary in differant districts, 
are often differont in mines of the same district, and may even differ considerably in paris 
of the same mine: therefore no set rules can ke given for standard practise. The point 
here made, however, is that in the open-stop2s mines the proper coordination of the drilling, 
breaking, and handling operations, with devclopment of each to its highest efriciency, 
offers the greatest possizilities for over-all savings in operating costs. These depart-— 
ments of underground operation are of course of major importance in connection with other 
mining methods, but with methods other than open-stope such problems as Support of stope, 
capping, and surface; protection of workmen against falls; ventilation; "clean" mining ard 
prevention of dilution of ore with waste rock: timbering, etc., often present proulems of 
equal or greater importance, 


Mines employing open-stope methods in the Eastern and Central States represent a 
wide range of conditions, necessitating a good many variations in drilling, bilastin=, and 
handling practices. 


HANDLING AND LOADING 


Horizontal Derosits.-— Where the ore bodiss arse of the thin, flat, Llanket i:n 
the bottom contours are such that practical haulage grades are possible over the vren ler 
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part of tho deposit, handling of the or2 consists of loading by hand, cower shovel, or 
scraper directly into cars (for "cans" in the Tri-State cistrict) and tramming to the shaft 
by hand, animais. or locomotive hauiace. 

Usuaily to obtain best resuits a different tyne of car is required for power-shovel 
or scraper loading than where hand-shoveling is employed. The type and size of equipment 
best suited to the joh aro dependent also upon the life of the mine, rate of output desired. 
and length of haul. In some large mines with working faces at considerahle distances fron 
+he shaft, the hauiage of ore approaches a probiem in railroading. Here maximum economy and 
efficiency are cftan madg possibie by employing large cars and locomotives, heavy rail and 
well-laid track, installing blosk-signal systems, etc, 49. : 


In thicker, flat deposits, levels are driven from the shaft at various elevations 
as required, raises are put up to the top of the ore or from level to ievel, and the ore is 
blastsd down into the raises, whence it is Crawn into cars on the haulage level. In this 
manner a large percentage of the ore may be handled from stope face to cars by grevity, as 
in mining deposits Iyvying at steep inclina*ions. In the wide, flat deposi«s, however, con- 
sidesrably more level devolopment is required than in steeply dipping ore hodies, and even 
then a certain amount of ore which can not be handied by gravity must always be left in 
"hog-backs" near the bottom of the deposit and hetween the chutes. 


In the Tri-State district, ore is usually loaded into cans by hand. Most of the 
operators in the district claim this to be the cheapest method of loading under their con- 


ditions. ‘! 


At the Barr mine’? both hand loading and power shovels are employed. The hand—- 
loaders avorave 24.9 tons per man-shift, and the men operating the powor shovels average 
49.0 tons per man-shift. Basing their choice upon the successful experience some years ago 
ata property now worked ovt, the operators of a newly opened mine are to install scrapers. 
At stiil another new mine power shovels are to he employed. 


In Sourcheastern Missouri, power shoveis ara used extensively for loading where the 
ore is thick encugh to provide tonnage commensurate with shovel—loading and car-handling 
capecity. At ono property’? in this district the hand-loaders average 19.2 tons per man— 
shift in stcpes while power-shovel operators average 135 tons per man-shift. 


enasits_Havisg ‘ow or Molerate Dins.- In thin deposits of low dip, too steep to 
allow running cars from the haulageway to tho stope face yet flatter than the angle of 
repose of the broken ore, intermediato handiing of the ore between the stopo face and the 


car is required. In thick denosits a considerable part of the ore may be handled by gravity. 
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49 - Jackson. C. F., Werk cited. 
41 -— Netzetand, Wm. F., Infsrmation Circular 113, cited. 
42 — Keener, 0. W., Work cited. 
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In thin deposits of this type the intermediate handling may be done by (1) shoveling 
and reshoveling a number of times, which is archaic; (2) driving inclined roadways upon 
which mine cars are handled by hoists; (3) the use of scrapers; or (4) shaking chutes or 
conveyors. In some places where the dip is only slightly less than the angle of repose the 
ore will run by gravity in a steel-lined chute. 


The angle of repose of broken ore will vary considerably with the physical character 
of the ore In th Conglomerate Lode Keweenaw Peninsula, Mich., the broken ore wil? run 
on an incline as low as 35° and at 40° will run well. At the Noranda mine in Quebec it 
runs on an incline of 38°. Many broken ores, however, assume a much steeper angle of repose. 
At one iron mine using the sublevel stoping method, the ore runs to the chutes on @ 45° dip, 
whereas a dip of 59 to 55° is required for many other iron ores. At the Payraster mine in 
Ontario, broken ore which was a hard, schisted, albite porphyry often hung up on a50° slope. 


In some mines where the dip is approximately the same as the angie of repose of the 
broken ore, *he chunks will run and the fines will hang up. In the Ccnglomerate Lode it is 
estimated that 60 per cent of the ore runs on a 35° dip and *hat 100 per cent will run on 
40°. 


&£t an iron mine in Michigan using e combination of open-stopes and pillars with 
shrinkage stoping, the lumps run to the chute by gravity while the fines have to be pulled 
down with scrapers. At this mine the ore varies from a few feet to 40 feet in thickness 
and dips at an everage angie of 30 to 35°. Minor rolls in ths footwall increase this dip 
or decrease it locally. In the thicker parts of the tens, broken ore is left in the stopes, 
shrinkege fashion, upon which the men work in attacking the back. In this case the broken 
ore does not serve to support the walls. When a stope is mined up to the next. level above 
(about 150 feet along the dip) as much of this ore is drawn off by gravity through chutes 
as wiil run, and the baiance is pulied down with scrapers. 


At Mineville, N. yY., 44 scrapers are common)y employed on tha fiat dips and in 
faulted sections for moving the ore from the stove feces to the tramming levels. Here the 
ore bodies have average dips of from 20 to 30°, and *he ore is 3 to 40 feet thick and aver- 
ages 10 feet of workable ore. ‘The ore beds are displaced from a few feet +o over 100 feet 
by a number of faults striking in various directions. In order to reach the ore in these 
faulted sections, a considerable number of auxiliary inclined shafts or slopes is required. 
Ore broken in stopes tributary to those inclines is in some cases loaded into cars at the 
face, trammed to the slope, and the cars thon lowered or hoisted on the slope to the haulage 
sevel. More often, however, scrapers are employed to dreg the broken ore from the face to 
small pockets or loading platforms from which cars, hoisted and lowered on the slopes, are 
loaded (fig. i2). In these mines the handling, haulage, and transportation costs account 
for about 56 per cent of the total undergrcund cost, and therefore these operations consti-- 
tuto the major problem in connection with economical exploitation. 


Tn the Birmingnam district of AlaDama, on dips ranging from 0 to 25°, large scrapers 
weighing from 2,700 to 35,100 pounds and operated by 50-hp. hoists are employed to drag the 
ore from the face of the stope for distances up to 200 feet into 5—-ton cars on the haulage 


44 - Cupoinses, A. M., Work cited 
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level. Sach scraver unit, consisting of a scraver outfit, hoist, and locomotive, loads and 
trams to the shaft an average of about 250 tons per 10-hour shift with three men. As much 
as 109 tors per hour for a duration of several hours hee been handled in this manner under 
ideal conditions, and 300 tons per shift is a common performance. Some of the conditions 
making for successful scraper operation in this district are: (1) Keeping a large tonnage 
of broken ore ahead of the scraper at all times; (2) ore well broken for handling without 
excessive secondary breaking by blockholinz or s.cdeinz; (3) large heevy scrapers of design 
Suited to the material handled, operated by powerful hoists; (+) ample car suvply and facili- 
ties for loading cars made uv in trains without switching: «nd (5) large cars. 


At Mascot, Tenn., the ore body dips at en average angle of 18°, and the workable 
ore ranges from 15 or 20 reet to 150 feet in thickness. The main level of the shaft inter—- 
sects the top of the cre at some distance from the shaft, and in order to reach the *% wer 
horizons, slopes are driven at an angle approximately that of tha dip of the ore. Cars are 
loaded from stope chut>os on these lower levels anid hoisted on the slopes to the shaft level, 
whence they are hauled to the shaft by locomotives. In sections where tne ore is thin, the 
stopes are breasted out on the headins-and-terch plan, and the ore is shoveled hy hand into 


Ne 


mine cars. In thethick ore, present vractice is to «se an underhand milling method in the 


open-stopes.Irregular pillars are lett to sunport the roof and whereer possiblo are con- 


fined to the lower-grad2 portions of the ore hody. The mills area developed from raises 
cpened from a haulage crift in the footwall. The bottoms cf these raises terminate a* the 
haulage level in chutes provided with gates for icading into tha cars. The chutss are 


Spaced at intervals alens the haulege drift and the bottoms of the mills form a series of 
funnels with intersecting rims. Broken ore from the part of the stope above the tops of 
these funnels falls hy gravity directiy from the stope face to the chute. For recovering 
the hegbacks between the mills and the ore left below the angle of repose cf broken ore, 
scraners operated by 25--hp. electric hoists are employed to drag the ore into the chutes. 
Scraping ore to the shutes cost 83 cents per ton in 1923. Ths ground breaks large, and 
secondary blasting is emploved in the stones and in the chutes in order to reduce large 
bowlders to a size wnich will permit them to pass throush the chutes and which can be handled 


in the mine cirs and sxinps. 


In the copper mines of Michiesan, scrapers are used extensively to drag the ore from 
open-Stones in ledes of flat dip. These scrapers either null the ore directly into cars or 
into chutes installed at the haulage levei.**® On steever dips it is often the practice to 
allow the ore to run from the fase down into the haulage level below and from thgore to pick 
it up by ssrapers which drag it up an incline onto a ioading platfo:m from whencs it falls 
into cars. Where this is done, about 100 tons is usually loaded per shift per scraper. 


Repos.is Having Steep Din.- When the dip is greater than that of the angle of repose 
of the broken ore, intermediate handling between stone face and level is not required. The 
broken ora falls by gravity into mills or chutes, to grizzties or into the level, fron 
whence it is loaded into cars. 

45 - Crane, W. R., Work cited 
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Ip most open-sitopes the ore when broken from the face is in such condition that 
more or less secondary breaking is required. In flat deposits large chunks are usually 
rolled to one side during loading of the finer ore and are broken up at convenient times. 
In steep deposits, however, chunks and fines fall together, and the chunks usually have to 
be broken immediately upon their appearance at the loading chute in order that loading may 
continue. 


. Various methods are in use for secondary Dreaking. In some mines the practice is 
to break the chunks on top of *he muck pile before it is drawn. In this event only part of 
the chunks are brcken up before reaching the pull voint, as the balance are covered by 
finer ore, so that further blasting must be done in the chute when the chunks appear there. 


In other mines no attempt is made to break large chunks till they appear at the 
chute or loading point on the haulage level. Breaking in the chute has several disadvant— 
ages: There is always a certain amount of danger connected with blasting in chutes; loading 
is seriously delayed while preparing for blasting; frequently further delay occurs while 
awaiting for the smoke to clear after the blast, and sometimes levels are smoky during the 
entire shift when much chute blasting is done; blasting often damages the chites, making 
repair costs unduely large; delays caused by blasting reduce the amount of ore per shift 
which can be drawn from each chute, and more stopes must then be provided to secure the 
same output. 


In some open-stope mines grizzlies are installed above the haulage level which are 

connected to the stope by large openings, and all secondary breaking is done on those 
grizzlies (figs. 5 and 6). The installation of grizzlies requires some additional develop- 
ment cost and shortens the effective height of stopes between levels; on the other hand, 
they provide a convenient and safe place in which to work, away from the miners in the 
stope itself and from the tramming leve:. When properly installed they permit ravid loading 
into cars on the haulage level, particularly if some storage space is provided between the 
level] and the grizzly. At the Paymaster mine in Ontario one locomotive engineer and two 
loaders regularly ‘oaded 400 tons in two and a half to three hours. The grizzlies were 24 
feet above the back of the haulage level, and wide, under-slung gates permitted rapid draw-— 
ing of rather rough muck through the chutes. 
At the Burra Burra mine‘!® the grizzlies are placed directly over the haulage level 
{fig. 13}, and the ore is broken through the grizzly directly into cars without inter- 
mediate storage. At this particular plant requirements as to ore analysis demanded that 
ore be drawn from 2 number of stopes, and it was not desirable to ‘force production from any 
one stope. Earlier experience at this mine was that it required as much time to draw ore 
from the storage space as it did to block the ore through the grizzlies when the grizzlies 
were placed higher up. With the present system an average of 72.5 tons per man per shift 
iS put through the grizzlies ani loaded into cars. 


Grizzlies are used at some of the Michigan iron mines employing the sublevel stoping 
metiod, and at others the ore runs directly to the mill holes Where the ore is hard and 
breaks in large slabs, the uss of grizzlies is desirable. With the softer and more friable 
ores the installation of grizzlies is probably not justified. Furthermore, at some of the 


46 — MoNeugnton. C. H., Wark cited, pp. 7 and 8. 
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mines the ground is so heavy that the maintenance of grizzly chambers would be difficult 


At one of these mines employing sublevel stoping, four active stopes, having thrae 
grizzlies to each stove (fig. 6), provided an output of 700 tons per day and couid easily 
produce 1,000 tons, or an average of 250 tons per stove. At another mine developed simi- 
larly, tne output was i50 to 3509 tons ne> stope per day, the average being 250 tons. 


At cther substone mines where the ore is softer, raises are usually spaced at 15 
to 20 foct intervals along the haulage drifts on alternate sides of the drift (fig. 8), 
the haulsge drifts themselves being driven on 40 to 50 foot centers. At one mine developed 
in this manner where the ore is somewhat harder but generally breaks with a very small pro— 
portion of large shunks, three sublevel stopes were producing 1,050 tons per day, working 
only one shift. | 


As stated (pase 7), the breaking of the ore constitutes one of the major operations 
in onven-stoOpe mines; the average labor cost of breaking, including both development and 
stoping, at 15 of the mines studied was 0.283 man hours per ton of ore, and this was 28.6 
per cent of the total man hours per ton worked underground. 


For the same group of mines, the nucking laver cost averaged 0.2635 man hours per ton 
(30.4 tons per mucker shift) and the transvortation 0.275 man hours per ton (29.1 tons per 
transportation shift.) Transportation includes loadinz, tramming, motor haulage, and 
hoisting. Since the mucking and transvortation operations overlap in most mines and as the 
line of demarcation between them variss at different mines these cperations will be con- 
sidered together. The combined musking and transportation labor cost for these mines avoer— 
aged 0.538 maa hours per ton (14.9 tons per shift) and accounted for 54.8 per cent of the 
total underground man hours per ton. The range was from 0.415 man hours per ton (19.25 
tons per shift) to 0.722 man hours per ton {11.08 tons per shift.) The first figure is 
that for a mine in which the handling, loading, and transportation are ail largely me- 
chanized, whereas the high figure is that for a mine in which all handling, loading, and 
transportation are done by hand. 


Four mines in flat ore bodies mined by open-s*opes with pillar support in which 
loading and handling were partly mechanized averaged 0.5445 man hours per ton, and five 
mines of the sane type in which all loading was by hard, averaged 0.6188 nan hours per ton 
for loading and transportation. 


The foregoing figures include both stoping and development. They serve to indicate 
the importance of loading and underground transportation in mines of the type under dis-— 
ussion. 


COSTS 


In Table 2 and Table @ thse underground costs at a group of mines employing open- 
stope methods are given. Table 2 gives the costs in dollars and Table 3 in man hours per 


ton. 
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Costs in dollars ara apt to be misleading for comparativ? purposes, inasmuch as 
wage rates, rail transportation, and cost of explosives, tizber, and supplies vary consider-— 
ably in different districts. For comparative purnceoses costs in units of labor ard mater- 
ials are generally more useful and may often serve as a valuable yardstick to the opgrator 
for measuring the efficiency of his own operations. 


It is emphasized that comparisons between costs at the mines listed in the tables 
are apt to be misleading without full knowledge of the cenditions at gash mine, and hasty 
comparisons should be avoided. 


Some of the mines were developing at a rate faster “han that required to keen vace 
with ore extraction; one of the mines is approaching exhaustion, and the cleaning up of 
irregular tongues of ore greatly increases costs. There is also a wide variation between 
different mines in the amount of exvloration and development required to locate and open 
up the ore for mining, due to size and type of ore deposits. 


Most of these mines havo been or will later be described in a series of papers pub— 
lished by the U. S. Bureau of Mines as Information Circulars, and from these circulars con- 
siderable detailed information concerning them may be gained. 


The author has visited all of these mines, and in the preceding pages has included 
such comparisons and averages of the data as were deemed usoful and safe. During the next 
six months it is anticipated that considerable additional data will be available and pub-— 
lished by the Bureau of Mines in the form of Information Circulars dealing with individual 
operations. 


Mining operations are conducted primarily for the purpose of producing profits, and 
it must be born in mind that the lowest mining cost ver ton of ore does not necessarily 
mean the highest ovéer-all profit for the enterprise. Percentage of recovery of toanage 
and metallic contents of the ore, effects of dilution of the ore, rate of production, safety 
in working, and such factors must be considered. Examples are not uncommon of changes from 
lower to higher cost per ton methods in which the cost per pound of metallic product is 
lower for the high cost per ton of ore method than for the low cost method. 


Table 2 and Table 2A show distributions of costs for a number of the mines studied, 
the average costs, and percentage of total underground costs which each of the princinval 


divisions of underground work represents. 


6551 - 25 = 


Google 


Inf.Cir.No.6193. 


wD 
bt As re | o 
» © 3 | g a ° 
© vas CR co v -4 
© pe rw a a . | a 
: ie ° : : 4 | ae! 
4 si N . | | { =. a a 
F 4 == -—-——__— t 
= 4H ea ee ' fos) | © © 
ee e el to) o oO wv om | 
_—_——---—-— ~ é ro) ° , 
Se ee re | © nN et | 
SS a eae a . 
as nm © m4 o | 
NY paar . | a eee 
; S | | eee ie ee 
; ea Ue 
: a | 1 ak eae es : 
3 | i fC le Je ee a ad | N | <t = | ~t e 
o aE Oss Sones meen ecient © ma NR rt : . 
SSS ee t oD N . 
i z y b 3 = | | 
y bX aa = “s : - | ! 
fa i=) N et * H = 
dae 2 © s j —-—_—_ — —-——-— | 
ao Se ee a Se ee, mf 
Sc 3 j a ae —— co © 
c + > A eae | t 5 4 © ve 
ta <_< eee eee ee | rat ite) re) 1 8 vy ° 
Es ’ eS ay ES aaa eae, LO ie) —T — pa 7 
—eeer = se oe re ret t es ite) - 
o » <t ’ 7A . | 
oO t- Te) i . —_— ——_—- 
= “ ‘ Soo 7 > oO 
Me 4 Se ae i oO Tr 
= = oe ne a iO os o i = 
ee Pe ee eee eee J I oO 1 wv a" ea ‘ 
a as ape cet co a red ro) : | 
——-|— $j} 8: 8; gl 8 | 
nN (o)) Paty } - . | \ 
Re bee o rl ; | psionic 
P. oO | | — -— — —- — 
23 e Is SERIE EERE EEE 
> "| ° | EE ss ae | _ 
> ts ee ee es 
a a te ! | rs > rat 
| : | “0 ek Be . 
te * . is] 4 KY © r 
| | © > m oS © re) *; te ore 
= Q, an n 4 Qa, oO = : Q, ri } 
@ re) s r4 oe ee O v0 5 be ore hs o 2 
» © 0 Pt Q -d te Pb = la | ss | 
n ! 2, b anes Q Oo RF ane ne Mm rt 
ot 8 ogg | m @ op pe igae ey fe es phage | o i 
ee A r4 y @ of rl : deh ee aed aa ; ’. +» ei! { Q 
on =| > © - a! cf on +i) CO P ort ra) 
c ny fs ee = © re | Ss © o n CG srt or t. c 
° se aos 7 o a oe ee Wn |emea st 1 SSS 
pa or 4 a ee a fae os a Vi | | --—-—-—__-__-—__- —— 
Ww Q. «A eng © ct 2 Q WM m | = ee —_——_—— 5 
ke Ba: é i eed as Ve | | | vt 
--—— --——--_- | z | : 
| a | a 3 cz 
| ‘ ; 6 gol + 
| Ho WN; a o S n 3 cn' © { s 
6 | 3 Z = af % gee 
° ® Oo} ® 4 re E oo rs 4 o oe sel ) 
ei oz » © i Oo = =n a f 4 | 
pat © - » e ° - : ® Oo @! SF i 
mo | a | e Z 8 x S aes = Be, Sa 
2 > | o 4 S 5 B a | Lo q 
* is m = = | o o 
a ‘4 = - & 
= i { in j © 
La ee ae 
e ; 


on) em 


Google 


) 


Inf.Cir.No.6193, 


Table 2.- n-Stope Mines: Underground Costs — Continued 
| | | | | | 
Designation | Stoping system | Develop- Mining |Transpor-| General | Total 
- SY a ae Oe to On| pe 2) eo 
12 | Open-stopes | | | | | 
Tri-State | with casual | g0.050 | $0.458 ! ¢0.200 | $0.285 | $0.993 
No. 2. | pillars | | | a | 
| ee , 2 (eee aera 
13 | Open-stopes | | | | | 
Tri~State | with casual | 930 | 450 | 165 | .162 | .807 
No. 3 | pillars or no | | | | | 
Ses tei | aes Sah a 
14 | | | | | ; 
Waco | Open stopes with | | | | | 
Tri-State | sasual pillars | .050 | .490 | 155 | 090 | ~—.. 785 
= (peeaeeerente | OMUEeee Wena: | eoumuer ese Coueeeteteen| 
15 | | | | | | | 
Barr | Open-stopes with | | | | | 
Tri-State | casual pillars | 047 | 497 | 217 | 7 | 862 
eee |_ I. i eens eee 
| | | | | 
Numerical average... ee | 0.151 | 0.474:| 0.303 | 0.139 | 1.067 
Percentages of total cost. 14.2 | 44.4| 1«28.4| «13.0 | 100.0 
| | | | 


Note:— 1-2=-2-4 are iron ore mines for wnich reported figures are based on the long ton of 2,240 pounis. In this ‘table 
the reported figures nave vean reduced to short ton basis to conform with the costs at other aines. 
1] - Distribution of all costs estimated by author. 
12-13 - Dietribution of costs as botween development, mining. and transportation estimated by author. 
14-15 -- Distritution of costs as between mining and development estimated oy the author. 


Bedded deposi+ of hard magnetite ore. Information Circular 6092. 

Hard specular hematite ore, Information Ciroular 6158. 

Soft nematito ore with strong walls. Information Ciroular,6179. 

Soft heamatite ore with medium strong walls. Informa*+ion Circular 6180, 

Hard cupriferous pyrites and pyrhotite. strong walls, Information Circular 6149. 


Hard ovpriferous pyrites and pyrhotite, strong wails. 


NX ff O88 2 WN A e& 


Disseminated lead ore in limestone beds. Information Circular 6160. 

8. Bedded deposit in limestone. 

9 and 10. Native copper in amsygdaloidal beds; deep mines . Bulletin 306. 

11-12-13-14-15. Zino and lead ore in beds of breociated flint and limestone. Information Ciroulars 6113, 
6121, 6150, 6159. 
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Iron ore mines fcr which reported figures are based on the long 


1-2-3—4. 


figures are reduced to short ton basis to conform witn data frem other mines. 
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Table 3.- Cpen-Stope Mines: Stoping Costs in Han Hours Per Ton — Continued 


= ers eS er ~ 6 Es oP ee 


— -_——— _Man_hours per_ton oo ___| Tota. tons 
Designation n|Br eaking, | | | Handling | | | Total |per man-shift, 
| 


pete | Tinbering|Mucking! haulage and |General |Supor-| man hours|all labor except 
ee ee Nene, ORE =) 0s ed eS) |_noisting. |_ |vision|_per ton |_ development _ 


i 
R29 
_lri-state 


| 
| 
= 
| 
2 Al __ 
| 
Iron_Mine ne Bl 
18 | 
Iron Min a 
19 | 
iron Mins | p| 
Average | 
breaging 2 | 
te. 12 ree 

| 


2535 


Averazes 

1to15 | .291 

inciusive _ es 
ercentage | 

ie tota. la! 

bor,l to i5 

inclusive 


28.6 


ED qeee oe oe a a eee © ce) cee 


oe ee eee ape | ame 


Notea:— {—2-3-4 are ircn-ore mines for wnich reported figures are based upcn the long ton of 2 24C pounds Ia this 


table the reported figures have been reduced to the short ton oasis to conforms with data from otner mines 


ELLIS DEEL NET I TE a LE IE EL INET SG) PAS AS ES CED 


| Pounds explosive per ton 


| 
Designation |____Stoping systen | Explosives _| of ore broken he 
| | | | Stoping| 
ee a eee |e ae eee ee _|__Kind_|_Strength |Devel. only!__only_|Total_ 
1. |Open-stopes with | lz - 40% | | | 
__Mineville ____—|casual pillars —=——s|Gelatin |}. - 25%__|__——-_|_0.711 ]o $34_ 
2. Regular stopo and | | | | | 
Marquette No. 1 |pillars; breast and |Amm. L.F./50% an. | | .627, | 802 
pete __.____|bench_mining Ss | 0) i een nar 
3. | | | | | 
- aaemiiceand: ‘gldicidaladeiniiaan “amie wieaes cecmmaean aaeee 421_ 
A. 
Menominee No. 1 |Sublevel stoping | — |40% - sog-| -——— | .551 ! .735 
SL em | one vee Re ee |___g0z__| cee | eae 
6551 - 28 - 
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Table 4.-- Open-Stope Mines: Explosives Used Per Ton of Ore Broken in 


SP E> FES CURR OC CEFESOSCED © EF RSE ate SES ae Conwawess eee ESET weeewsewt -weRenweare Gee weower=ss vere @w «ws cue, 


| 'Pounds explosive per ton 


| 
Designation | Stoping s7stem | Explosives | ef_ore broken 
| | |Stoping| 
a iced : ino -|-Strensth_|De cea Gani lon 
5. | |! 
___Ducktown No. 1 _|Sublevel stoping __lAwmon. __| 40% | 2.240 | ——— '_.755 
6. lRagular store and | | | 
Ducktown No. 2. Ipillar, underhand laer. dD. | 40g | 4.806 ! .420 | .782 
[17 5) ee, [se [_ | ae 
7. | ! | az 
No. 8, S.E. Missouri! Qpen-stopes with | Batky !} - 25% eee No eee | 6 Se 
casual pitlars mm. Ger. |j}- 357! 
g. | | | | | 
Mine X lOpen-stopes with lamm. Gel.| 40% } —— |{ ——! .550 
See ere eee lcasual pillars | | Lem eS, STeeUe (Smee 
2. | | | ——— 
Mishigan Copper B' Largo open-stopes | ee | ——— | See | eo ! 991 
eae ae et Wa ee a a ee 
10. | | | | | 
Michigen Copper C|Long narrow open-stopes| -——— | —_——- | arene amen | 978 
___|a#ith cib pillars ss|_ | ee 
11. | | | 
Tri-State Ho. 1 |Open-stoves with [ofom, | 333 | -——— | —— | .750 
Icasual_ pillars a [renee ae | Seaeenes meee 
12,0 | | | | Se 
Tri-State No. 2 |Open-stopes with | Amn. | 33% | ——- | —— [2 265 
__. | sn) pi tars _ id] Pass 
13. | Span-stopes with ! | | | | 
Tri-State No. 3 | casual piliars or |Ge2 2) | LOZ | _ | —_—_- | ~875 
[no piltars eeerar _—— Data ea 
14, | | | | | 
Waco Tri-State | Open-stopes with | Bulky | 25% | -—— | —— | 594 
ieasua> pijlars | alice en Seereerere ae reeee 
15. | | | | 
Barr Tri-State |Open-stopes with | ~mm. | 403 | ——— | —— | .305 
___|casual pillars | | | eee 
16, | | | | | 
__Iron Mine A__—_| Sublevel_stoping ____|Sel._D ase Geen Was tl 
17. | | | | | | 
Iron Mine B lSublevel stoping. gel. D aaions ssiaaee! as eee 
18. | | 
iron Mine ¢._____|Sublevel stooing Gel. p. |___49z_ |_| =| _ 516 
19. | | | | | 
_-Iron Mine PD _____|Subievel_stoping _-__{Gel. vp. _|___aoz_s} a _g | 
Averages, 5 and 6 | —— | —— | 3.523 | —— | — 
Averages, 1-2-3-4-6-16-17-19 ee ee ee ee) 
Ayerages, 1 to 15 inc. 17-13 | ann | eee | 783 
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Xilovatt-hours_ver ton of ore hoisted 
Hoist— |Haulage | Pump--| Venti-| Mech. | | 


| Air ing | and | ing lnation|loading|Misc. | Total 
epee EERE Seen ee ee ____| Lighting | eames eran | eee 
4.64 0.85 | 0.26] —-- | ~~ | -—~ | 10,91 
| 


| 

| 

| | 
Minevilles | Open stopes, | 5.16 

[casual _pillarg|__|__. 

| | 

| 


| | 
Marquette Regular stopes| | | | | 
_No. 1 ‘and pillars _|_4.33|_ 2.04 |! 0.76 |! 4.02| —~ |_ 0.41 | ——'! 1.56 
| | | | | | | 
I i 
_-No..2 imameccmanesias ici’ apsiiaia! “onic 111.73! _----_!_ =~ |_9.13|__ 9.39 
| | | | | 
Menominee |Sub.evel ' 5.901 3.54 | 0.47 | 1.89| —- | —- |---| 21.89 
No.1 __|stooing |__| le | Peace tere 
| | | | | | | | 
Ducktcwn |Sublevel | | | | | | | | 7.92 
_No..1____|stoping |__| ene (SRN O pene O Seen earerees —_ 
lRegular stope | Steam | | | | | 10.59 
Lucktown land pillar, | 8.75! 81.10 | 2.75 | —~|-——| —~ | — |81.1 ibs. 
tio, 2..__lunderhand____|____lipe. cont] egg, 
| , ann a 
No. 8, S.&. |Open-stopes, | | | | | 4.56 
_Missouri |casual pillars! | ! Sere eee eee eee ae aa ae 
| | | | | | | 
Wine X lQpen-stopes | 3.70| 0.50 | 0.90 | 5.00] ——- | 0.20 | -——| 10.30 
______.___|casval_pillars|_ |_| a a ae ee bas 
| | | | | | | 
Tri-State |Open-stopes, | 6.00! 2.77 | 0.92 | 0.22| -—-| —- |——| 9.91 
NGe Dis Venstal pillars |e | | | 
| | an | | | 
Tri-State |Open-stopos, | 2.51! 2.42 | —- | 0.82! —-; — |---| 9 5.75 
_No. 2 |casuai pillars! __! eee Seen eee ees eee a SRM Tee een eeN 
|Open-stopes, | | | . | | | | 
Tri-State | casual pillars| 1.40| 2.77 ! | | | | 4.17 
_No. 3.__|or no _pillars_| [ens MERE Eer eer eevee (mM N, OMESOEEE oem e 
| | | | | | | | 
| | { 
Waco, Open-stopes, | | | | | | | 6 65 
VELL ae CI Ce SCRE ee anes ace ene ae eees meee [eee vaee 
| | ae | 
Barr Open-stopes, | 2.16] 2.79 | 1.14 | —-|-——|] —- | —| — 6.09 
Tri-State __| casual pillars| eee ee COREE, | eee eee) (rem 
Average all mines . | | | | | | | | 8.40 
Average 10 mines [4.415 | | | | | | 
Average 2 mines _ | | __ | ae | 0.305 | | 


Note: 1 -Practically all ore mechanloally loaded 
2 -Half the cre mecshanic.lly loaded 
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Table 4.-- Open-Stope Mines: Explosives Used Per Ton of Ore Broken in 
Develooment and Stoning Combined - Continued 
| | 'Pounds explosive per ton 
Designation | Stoping system | Explosives | _cf ore broken 
| | | | | lStoping 
eat peer ere _|__xind _|_ Strength |Deva]. only|_ ony |Total 
5 | | | | | 
Ducktown No. 2! Sublevel stoping _lammon. | __ 49g | 2 249 | =| 755 
6. lRagular store and | ! | | 
Ducktown No. 2. Ipillar, underhand lce1. Dp. | aog | 4.806 |! 420 | .782 
. Istoping ee eee | Bes 
Z | ! | | | 
No. 8, S.E. Missouri! Open-stopes with | Bulky 13-257 | -——— | —-———/ 634 
-jgacval pillars ___iAnn. Gel. 3. 35%__| ee | 
g. | | | | | 
Mine X Idpen-stopes with lamm. Gel.| 40% | -——— | ——! .550 
aeeeee loosual pillars |. ene ae, | 
9. | | | | | | 
Michigan Copper Ri Lar noe Semen | ——— | ——— | =< | ——- | .991 
o)eatic dares spi Ais ! Dod 
19. | | | | | | 
Michigen Copper Cjlong narrow open-stopoes s| --- | ——— | ——— | -_——- | 978 
| |zith cib pillars ye eee Nene 2 | 
be | | | ! | 
Tri-State No. 1 |Open-stopes with | o¢mm, |) 3330CiCd | Od] | L750 
leasual pillars _ _—— | (eee a 
12. | | | | | | 
Tri-State No. 2 |Open-stopes with | amm | 333 | ——— | —-— |1.265 
eee Ee sual piilars eet oF Seen rs, 
13. +Opan-stopes with | | | | | 
Tri-State No. 3 |casval pillars or lgez. D. | 20% | ———— | ——-! 975 
clo) 0) i: ae —— |. oe | 
24. | | | | | | 
Waco Tri-State |Opan-stopes with | Bulxy | 253 | -—— I|—— | .594 
‘casual p pillars ssid — a een eee | 
15, | | | | | | 
Barr Tri-State !Open—stopes with | am. =| 403 | ——— | ——— | .805 
__| casual pillars | __| | eee | eee 
16. | | | | | 
___Iron Mine A! Sublevet ing ser. po. |! gog |__| 
| | | | | | 
Iron Ming Bs | Sublevel_sterina. Icon. p. | aoe |_ — __|_.690_' 3.020 
18. | | | | | | 
Iron Mine €¢ | Sublevel_stoving_ ‘cel. p. |__49%_ |_| |S 
19. | | | | | | 
__Iron Mine DP ___|Sublevel_ stoping -_tGet. bp. |_ 403 tt | 
Averages, 5 and 6 | —— | —— 1 3.523 | | — 
Averages, 1-2-3-4-6-16-17-19 ee | .si2! 
Averages, 1 to 15 inc. 17-13 _| eee] ae | ee |_| 783 
6551 i 29):& 
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Table 5.— Power consumption in mines using open-stope methods 


| “<jilowatt-hours_ ver ton of ore hoisted 


Hoist— lHaulage !Pump-|Yenti-| Mech, ech. | 


ESS CEE op EE | a ES SEE 


Designation 'Stoping system|Comp. 


| | 
! 
| | Air | ing | and | ing |lation "| Loading| Misc. | Total 
ees ee ae J_datgnting | esas ees Seer 
| “| 4 | | — 
Mineville |Open stopes, | 5.16! 4.64 ' 0.85 | 0.26 —— | ~—- !-——! 410,91 
seine saat! -~}eagual_pillars| |. clink: ‘ae aes ia 
’ ! i i ' 
Marquette |Regular stopes | | | | | | | 
_No. l ‘and pillars | 4.55) ae mame! a seal 2.40) = 11.56__ 
l 
1 $ ' i | 
~-he--2__| stoning ___| 4.24) 2.80 )_0.94 | 1.79 cor=/_—o [0.18] 9.58 
| | | | | 7 
Menominee |Sub.evel '5.901 3.54 | 0.47 | 1.89] —-- | -—- !— 21,80 
No. 1 __|stoving somal ss ad sas meat cla - 
i i} 
Ducktcwn  |Sublevel | | | | | | | | 7.92 
_No.1____| stoping | [Rete ements (eee eee Oe ate CoE he 
lRegular stope | [Steam | | | | | t §=10.59 
Lucktown and pillar, | 8.75! 81.10 | 1.75 | —- {|---| -— |! — [81.1 1bs. 
Ho. 2..___|underhand ___|____|ibs. coat]. | od 
| | | a 
No. 8, S.&. |Onen-stopes. | | | ! | | } 4.56 
_Missouri _|casual pillars;_.__ |__| Seen See eee Cees = 
| | | | | | | | | 
Wine X lOpen-stopes | 3.70| 0.50 | 0.90 | 5.00] ——— | 9.20 | —-| 10.30 
aac GSMO, hd - aah — an a “ a — 
| 
Tri-State |Oper-stopes, | 6.00! 2.77 | 0.92 |! 0.221 —-| —- |—| 9.91 
_No. 1 _|easyal_pillars|____ Sanenen Rae coael ance ele na 
| f | | 1 
Tri-State |Open-stopos, | 2.51! 2.42 | —- | 0.82! —- — | — | 9-79 
_-No, 2 _|casuai pillars!___! Soe NEE. Seen eeeene es COME RTE | LenS, Seer e eee 
| Open-stopes, | | | | | | | | 
Tri-State |casual pillars| 1.40| 2.77 | | | | | | 4,17 
__No. 3 a no_pillars_| | ‘wena Gas Gam? Senin Ca 
| i { t 
Waco, Open-stopes, | | | | | | | 6.65 
Me S tates. Wen Sue 5S ya a a a ne ee cea 
| | | | | | | 
Barr gpenen tense: | 2. 16| 2.79 | 1.14 | = | nema | -_—- mae | 6.09 
Tri-State __|casus]_ pillars, pe ee ae [SEOs eee eee See. e 
Average all mines | | | | | | | 3.40 
Average 10 mines | 4. 415| | | | | | 
Average 2 mines ; | ! | _ | of | 0.305 | | 
Note: 1 -Practically all ore mechanically loaded 
2 -Half the cre meshanio..lly loaded 
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